An increasing challenge for P-band Synthetic Aperture Radar (SAR) is Radio Frequency Interference (RFI). RFI results in image distortions and degrades the derived science products. This makes it critical to apply RFI removal techniques to restore the image quality. New advanced techniques can be achieved with Digital Beamforming (DBF) radars such as EcoSAR. In this paper, we present a Range-Dependent Time Minimum Variance Distortionless Response (RDTMVDR) Beamformer and apply it to EcoSAR flight data during post-processing. The antenna pattern (AP) is adaptively changed for each range line which increases the RFI suppression compared to a fixed AP for each pulse. The interferometric image quality is assessed before and after RFI suppression.
INTRODUCTION
NASA's EcoSAR is a wide-band Synthetic Aperture Radar (SAR) developed at the Goddard Space Flight Center [1] . Its low frequency (435MHz) and wide bandwidth (200MHz) allow to derive high biomass without saturation of the signal. However, at P-band the frequency spectrum has to be shared with other radar and communication systems [2] . This can cause Radio Frequency Interference (RFI) and can lead to distortions and artifacts in the image. It becomes necessary to implement RFI removal techniques to improve the quality of science products. Unlike conventional SAR systems, EcoSAR implements a multi-channel architecture that makes it capable of digitally modulating the antenna pattern (AP) in post-processing with Digital Beamforming (DBF). This modulation allows to blind the radar in the directions of the interferers and can reduce RFI drastically. DBF makes EcoSAR less susceptible to interference. For this, we developed the Range-Dependent Time Minimum Variance Distortionless Response (RDTMVDR) Beamformer that is presented in this paper.
RFI MITIGATION ALGORITHM
The weights of the MVDR beamformer [3] that maximize the gain of a desired signal from angle and minimizes the interference described by the Interference-Plus-Noise Covariance (INC) matrix can be calculated to (1) with the steering vector . Generally the INC matrix can not be estimated in the presence of the SAR signal. It is necessary to remove the components of the SAR signal for the INC estimation by integrating the spatial Capon power spectrum outside of the desired mainlobe area using the signal-plus-interference covariance matrix [4, 5] :
The resulting INC only contains components outside of the main lobe. Inherently, this makes the RFI removal blind to interferers inside the swath. To reduce the blind spot, we perform a range-dependent estimation of the INC on the range-compressed signal (Fig. 1a) . Multiple pulses are range-compressed and combined to an azimuth segment. The INC estimation is then performed for each range line. This reduces the blind-spot of the mitigation process to the angular area occupied by the SAR signal at that range . Fig. 1b shows the Capon spectral estimate for the RAW data of a SAR scene. The blind-spot in which RFI can not be detected is equivalent to the entire SAR return. The range-dependent estimate after range compression is shown in Fig. 1c . The new blind-spot is much smaller and is depending on the range-resolution and range position.The number of notches for each time-instant remains N-1, but they are adapted for each range line to improve the performance. After beamforming, the data can be rangedecompressed. 
RESULTS
The RDTMVDR is applied to interferometric single-pass EcoSAR data acquired on March 30th 2014 over Corcovado National Park in Costa Rica. The radar bandwidth is 20MHz and the physical interferometric basline is 25m. The first row of Fig. 2 shows the intensity of the focused SAR image. The second row shows the coherence in Scan-On-Receive operation and the last row shows the coherence for the implemented RDTMVDR. In the middle of the unfiltered image, a fringe pattern is visible that is caused by external interference. After RFI suppression with the RDTMVDR, the fringe pattern is not visible anymore. The overall coherence is increased. The coherence histograms for both images are shown in Fig 3. The histogram peak moves from 0.48 (SCORE) to 0.62 (RDTMVDR), shifting the overall coherences to higher values. . 4. CONCLUSION In this paper, we presented the RDTMVDR and its application to EcoSAR data. RFI suppression results of interferometric SAR data were shown. The performance with and without RFI filtering was compared using the interferometric coherence. The RDTMVDR yielded a good improvement of the image quality, shifting the histogram peak from 0.48 to 0.62. Processing, vol. 60, no. 7, pp. 3881-3885, July 2012. 
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